Background: Patient-controlled sedation (PCS) is increasingly used for moderate sedation. Detailed understanding is essential for maintaining safety and giving the most benefit. We wanted to explore the associations between patients' characteristics, perioperative pain and anxiety, the procedure, and the calculated concentrations at the effect site (Ce) of propofol. We also wanted to analyse the pharmacokinetic profiles of propofol and alfentanil during PCS, and their association with respiratory complications. Methods: 155 patients were double-blinded and randomised to have propofol or propofol and alfentanil for PCS during gynaecological surgery. Pharmacokinetic simulation of Ce and multiple regressions aided the search for correlations between explanatory variables and concentrations of drugs. Results: In group propofol, treatment for incontinence, anterior repair, and the patient's weight correlated the best (B-coef = 0.20, 0.20 and 0.01; r = 0.69; r 2 = 0.48). When alfentanil was added, alfentanil and the patient's weight were associated with Ce of propofol (B-coef = −0.40 and 0.01; r = 0.70; r 2 = 0.43). Logistic regression indicated that age and Ce of drugs were related to ten cases of respiratory complications. Conclusions: Patients' weights and the type of surgery performed were associated with the Ce of propofol; this knowledge could be used for refinement of the doses given during PCS. Because the pharmacokinetic profiles of propofol and alfentanil are different, the alfentanil effect becomes predominant during the time course of sedation. In order to reduce the risk of early and late respiratory depression, alfentanil should not be added to propofol in the same syringe.
Introduction
Minor procedures can be managed successfully using local anaesthesia and moderate sedation with propofol [1] , and American [2] and European guidelines [3] give specific recommendations for the use of propofol by nonanaesthetists. Although adverse events are rare, sedation with propofol includes the risk of cardiorespiratory instability [4] . Propofol given for patient-controlled sedation (PCS) is an option for moderate sedation, and is often combined with opioids for the control of pain [5] - [7] , although respiratory events have been reported when remifentanil [8] or alfentanil [9] were added to propofol. Propofol and opioids mixed in the same syringe for PCS during an operation has been connected with respiratory events [10] . Knowledge about accumulated doses of propofol and opioids, and the factors that explain why patients request repeated doses, is limited, but could help to improve safety. To refine the system of PCS so that it will give a better clinical performance, we need further information about the pharmacokinetic profiles of the drugs used, as well as what factors influence the size of each dose and the need for repeated doses.
In this paper we have recalculated data from a recent publication [10] in which we conclude that a mixture of alfentanil and propofol for PCS increases the risk of respiratory problems and therefore requires the presence of an anaesthetist in the operating room. Our main objectives were to analyse the variables that could explain the concentrations of propofol at the effect site (C e ) and the pharmacokinetic profile derived from the combined use of propofol and alfentanil. We first hypothesised that the physical characteristics of the patients, the type of operation, and the degrees of perioperative pain and anxiety could be used to explain the calculated C e of drugs used. Secondly, we hypothesised that the pharmacokinetic profiles from the simulation of concentrations of propofol and alfentanil could explain the respiratory depression that occurred in a subgroup of patients [10] .
Methods
Details of the design, methods, inclusion and exclusion criteria, patients, and results of the original study have been described previously [10] . After earning approval from the local ethics committee and written consent from all the patients, the study included 165 gynaecological patients who were treated in an outpatient clinic for incontinence, anterior or posterior repair of the vaginal wall, or combinations of reconstructive genital surgery. In a prospective double-blind trial, the patients were randomised to use propofol, or propofol with alfentanil, as PCS. A nurse anaesthetist was present and responsible for the protocol, operative monitoring, the PCS pump, and specific interventions to ensure the safety of the patients. A consultant anaesthetist was available within a few minutes. 155 patients used PCS for the entire procedure as ten patients expressed their need for assistance from the nurse anaesthetist and were given additional doses of propofol.
Local anaesthesia was used for pain control during the operation and was given after the patient had made several demands on the dose button and felt sedated. The infiltration of the local anaesthetic is unpleasant and painful, and the physical relaxation from the moderate sedation facilitates infiltration. The operations could also involve moments of pain or discomfort in areas where the infiltration was only partially effective. After induction, patients were instructed to use the PCS pump to keep themselves comfortable or to reduce the effects of short moments of pain. Patients with more than two episodes of pain were treated with complementary infiltrations. Postoperatively, the patients were supervised in the recovery room for at least 90 minutes before they were discharged.
Cardiorespiratory vital signs were monitored before sedation began, and data were recorded continuously or at 5-minute intervals during the procedure. Perioperative pain and anxiety were recorded using visual analogue scales (VAS). Patients marked their maximum experience on a 100 mm line on which 0 indicated no pain or anxiety and 100 indicated unbearable pain or anxiety. Peroperative pain was rated at the beginning and the end of the procedure when the patients were awake. If the patients felt pain during the operation, then it was recorded, and if they were able to communicate, the intensity was measured as well. Anxiety was rated preoperatively and postoperatively within an hour of completion of the operation.
The PCS pump (IVAC 5000 PCAM-pump, Cardinal Health, Dublin, UK) was programmed to deliver either propofol 4.25 mg or a mixture of propofol 4.25 mg and alfentanil 0.0375 mg each time the patient presses the delivery button. There was no lock-out period, but the capacity of the pump restricted the maximum number of doses to five per minute. The addition of alfentanil was made via double-blind randomisation. The code was broken at the end of the study.
The pharmacokinetic simulation was based on the dosing history recorded with the PCS pump (the time that the fixed bolus doses were given). For propofol, we used the pharmacokinetic models described by Schnider et al. [11] [12], which use age, height, weight, and sex as covariates. The pharmacokinetic profiles of alfentanil were simulated from the model described by Scott et al. [13] , which was scaled by weight. For both drugs the C e were calculated with the software programme Excel (Microsoft Corporation) using an Add-In (PKPD Tools for Excel; http://www.pkpdtools.com/doku.php/excel:start).
Statistical Analysis
For the statistical analysis we used Statistica ® version 10 (Stat Soft Inc., Tulsa, USA). Differences in patients' evaluation of anxiety and pain between the propofol and propofol-and-alfentanil groups were assessed using the non-parametric Mann-Whitney U test. Differences in age and weight were assessed using Student's t-test. We used a multiple regression model to help evaluate how patients' characteristics and data about the procedures were associated with the C e . We built one model each for propofol and propofol/ alfentanil.
After all the variables had been included, we used stepwise backward multiple regressions. The least significant predictor was excluded, and the overall significance in the model and for each predictive variable was checked again. This was repeated until all the predictive variables achieved significance. We used analysis of variance (ANOVA) to compare the C e of propofol and alfentanil among patients with respiratory impairments, those who made the most demands for doses from the PCS pump, and those with the highest calculated C e , respectively, with the rest of the patients in the groups. Values of C e from the first 20 minutes of sedation were used for this comparison. A logistic regression was used to explore the variables that could explain the obstructed airway or apnoea. Weight, age, dose ratio (doses demanded divided by doses delivered), patients' anxiety and pain, and C e values of propofol and alfentanil were chosen as predictors. Different models were built, and the model that was considered clinically relevant and the most significant was kept for explanation. Probabilities of less than 0.05 were accepted as significant.
Results
Patients' age, weight and evaluations of anxiety and pain using visual analogue scales did not differ between the groups ( Table 1) . The variables that were included in the multiple regression analysis are shown in Table 2 . Anterior repair, treatment of incontinence, and the patient's weight were associated with the concentration of propofol (r 2 = 0.48), which, when alfentanil was added, was not related to any of the procedures. The addition of alfentanil was associated with a decreased concentration of propofol at the site, and heavier body weight influenced the increased concentration of propofol (r 2 = 0.43). Heavier body weight was also associated with a significantly greater demand for doses during induction (p < 0.01). Self-rated preoperative or peroperative anxiety or pain did not affect the concentrations of drugs used in PCS.
The pharmacokinetic profile of propofol is shown in Figure 1 . For all 145 patients there was a short peak in the estimated C e of propofol after five minutes, and the concentration was then reduced. Alfentanil had a different profile (Figure 2 ), in that a plateau was reached after 15 minutes and the concentration was almost constant for another 15 minutes.
Respiration was impaired only in the group given a mixture of alfentanil and propofol. Ten of the 79 patients in that group developed apnoea or obstruction of the airway within the first 10 minutes. The only significant difference in characteristics between the group with respiratory impairments and the rest of the patients given alfentanil was lower weight (62 (11) kg compared with 72 (14) kg, p = 0.04). ANOVA from the pharmacokinetic calculation of the C e of propofol showed no significant differences between the patients with respiratory impairment and the remaining patients in the propofol/alfentanil group (p = 0.49); there were also no significant differences in the C e of alfentanil (p = 0.40). B-coef = coefficients of the independent variables. ASA = American Society of Anesthesiologists. For concentrations of propofol (µg/ml), model overall r = 0.69; adj r 2 = 0.48. For concentrations of propofol and alfentanil, model overall r = 0.70; adj r 2 = 0.43. Significant independent variables for the overall model are underlined. Non-significant variables are displayed with coefficients and p-values representing the effect they had when they were excluded from the model. A stepwise backwards approach was used.
The ten highest peak concentrations of alfentanil were not associated with respiratory events. The C e for those ten patients were significantly higher than for the ten who developed respiratory events (0.12 (0.02) compared with 0.08 (0.01) µg/ml; p < 0.01). The C e for alfentanil in the ten patients who used the pump most often (dose count) were higher than those for the ten with respiratory impairments (0.11 (0.09) µg/ml; p < 0.01). Figure 2 shows the C e for alfentanil from all patients in the propofol/alfentanil group and from the patients with respiratory depression. However, comparison of the C e of the two drugs (Figure 1 and Figure 2) indicates that the mean peak concentration of propofol in patients who developed adverse effects was higher, although not significantly so. The combination of propofol and alfentanil, C e > 2.0 and >0.05 µg/ml, respectively, seemed to increase the risk of respiratory events. Logistic regression also showed that the combination of C e for propofol and alfentanil contributed to the respiratory events in the ten patients, along with age. The model explains the impaired respiratory functions using the variables alfentanil C e (p = 0.02), propofol C e (p = 0.04), and patients' age (p = 0.03). Coefficients for alfentanil C e , propofol C e and patients' age were: 54.8; 0.191; 0.012, respectively.
Discussion
The new findings in this study are that we have isolated some of the factors that contribute to patients' dosing patterns from PCS systems. We can also explain the risk of respiratory impairment, as the use of alfentanil in itself is a risk factor, rather than the concentrations of drugs at the effect site. Anterior repair and treatment for incontinence are known to be unpleasant, and it is sometimes hard to get adequate local anaesthesia for these operations. The relationship between them and increased concentrations of propofol seems logical. The influence of weight on C e may be explained by the fact that increased body weight led to a more intense use of the PCS pump during induction, or from the fact that nine of the patients in the study had weights between 102 and 121 kg, and the impact from these patients on the regression analysis could be enough to explain the impact of weight on propofol C e .
The multiple regression analysis indicated that operative pain and anxiety had no impact on the concentrations of drugs. This was surprising, as our clinical experience has shown that patients who are anxious preoperatively are given, and usually ask for, larger doses of sedatives if they are about to undergo an unpleasant procedure. When target-controlled infusion was used for sedation, results similar to sedation for oocyte retrieval [14] were reported, as well as the opposite for colonoscopy [15] . A major distinction between these and the present data could explain the main difference between PCS and anaesthetist-controlled sedation: the doses required for a target-controlled infusion are not correlated with a patient's need to be sedated, but are related to a measured degree of sedation.
The main reason for the choice of PCS is that the model includes built-in feedback, and patients adjust the doses according to their need. Self-dosing with sedatives tends to result in fewer doses of drugs being used than when anaesthetists give sedatives [16] [17] . However, overdosing can still occur with PCS. When the patient stops pressing the button, the concentration continues to increase for a period of time: if a patient presses the button for 2 minutes (11 doses), the concentration will increase by about 20% for the next 1.5 minutes. After the patient has stopped requesting more, not only will the concentration of propofol increase, but also that of alfentanil. Smaller doses of alfentanil could have been considered in our study, as the accumulated doses then would have had less impact on respiratory function. Remifentanil could also have been considered as an adjunct to propofol because it has a kinetic profile similar to that of propofol, and the risk of late respiratory impairment is low. The main reason that remifentanil was not used in the present study is that the procedures were done in an out-patient clinic, and remifentanil was not considered suitable for use outside the operating theatre. Alfentanil has also been recommended for use with propofol as PCS instead of remifentanil [9] , and has been reported to serve well for the treatment of renal stones in the hands of non-anaesthetists [18] .
Pharmacokinetic simulation has rarely, if ever, been used for PCS studies. The present simulation clearly shows that a mixture of two drugs with different pharmacokinetic profiles in the same syringe might induce serious respiratory effects. The highest concentration of propofol was detected after only five minutes (Figure 1) . The respiratory depressant action of alfentanil that was added at this time, together with the still-increasing concentration of alfentanil, caused some cases of respiratory depression and even apnoea. At this stage, the local anaesthetic had been infiltrated by the surgeon, and the procedure started almost without stimuli. The concentration of alfentanil remained high for 30 minutes, but the risk of later respiratory impairment was probably reduced by the decreasing concentration of propofol as the patients' requirements for new doses decreased as the procedure progressed under effective local anaesthesia. Surveys of PCS that have used the combination of propofol and an opioid have also reported events that might compromise safety [8] [9] .
The logistic regression model showed that age and C e for both propofol and alfentanil were related to the respiratory impairment in the ten affected patients. There are differences between simulated and measured concentrations, and different time frames for target concentrations [19] [20] , and the individual clinical response to a specific C e is hard to predict. Inclusion of an operator control for loss of consciousness may reduce the impact of biological variability if a target-controlled infusion (TCI) of propofol is used [21] , but its use with TCI or PCS in clinical practise is unclear. The evidence of age as an explanatory variable is confirmed, as the use of TCI anaesthesia has shown that age affects the association between the C e of propofol and the loss of, and return to, consciousness [22] . PCS with propofol could be improved by giving opioids manually (and decrease the dose of opioids at a certain age) or by adding pharmacokinetic calculation software to a PCS device. Further studies are required.
The present study has limitations. First, our regression model points out some of the variables that influence patients dosing themselves, but the r 2 of 0.48 indicates that other variables contribute largely to this. Evaluation of the VAS for anxiety and pain is common, but may not include all the aspects of anxiety measured by specific measurements, such as the Beck Anxiety Inventory scores [15] , or Spielberger's State-Trait Anxiety Inventory [23] . Coping strategies may also influence patients' behaviour and the number of requests for sedatives. We have not evaluated this aspect.
Second, 10/155 patients in the logistic regression analysis of the respiratory effects of PCS is a small number, which reduces our predictive possibilities. The role of alfentanil is an interesting issue, as propofol used alone caused no respiratory events that required intervention. Factors other than drugs and age are likely to be confounding interactively. Enrolment of a larger study group would enable an analysis of greater complexity and sensitivity. However, to our knowledge, similar evaluations are rare.
Third, to adjust for unknown independent variables, a more homogeneous study group would make the results more accurate. Further and repeated surveys are needed for the refinement of the PCS system. Increased suitability could thereby be achieved through adjusted bolus doses or maximum dose counts/minutes according to age, weight, or other characteristics. Dose-adjusted PCS systems have not been evaluated.
Conclusion
In conclusion, the patients' weight and the type of surgery performed were associated with the C e of propofol; this knowledge could be used for the refinement of the doses given through PCS. Because the pharmacokinetic profiles of propofol and alfentanil differed, the alfentanil effect became predominant during the time course of sedation. In order to reduce the risk of early and late respiratory depression, for operations in which local anaesthetics are used, we propose that alfentanil should not be added to propofol in the same syringe.
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